Objective: To assess the performance of magnetic resonance venography (MRV) for pelvis and deep vein thrombosis in the lower extremities before surgical interventions for varicose veins. Materials and Methods: We enrolled 72 patients who underwent MRV and ultrasonography before stripping for varicose veins of lower extremities. All images of the deep venous systems were evaluated by timeof-flight MRV. Results: Forty-six patients (63.9%) of all were female. Mean age was 65.2 ± 10.2 years (37-81 years). There were forty patients (55.6%) with varicose veins in both legs. Two deep vein thrombosis (2.8%) and three iliac vein thrombosis (4.2%) were diagnosed. All patients without deep vein thrombosis underwent the stripping of saphenous veins, and post-thrombotic change was avoided in all cases. Conclusion: MRV, without contrast medium, is considered clinically useful for the lower extremity venous system.
Introduction
Varicose veins (VV) are disability condition, representing a critical public health problem with economic and social consequences. Prevalence is high, being about 20% to 73% in females and 15% to 56% in males. [1] [2] [3] [4] [5] Elastic compression stockings are the initial treatment. Anti-platelet and/or anticoagulation drugs can bring some relief of symptoms. Surgical stripping or endovascular ablation is typically the treatments of choice.
Generally, ultrasonography (US) is the current gold standard imaging modality for evaluation of the venous system in the lower extremity. However, conventional venography has been considered the gold standard for detection of deep vein thrombosis in patients with VV. The venography of the lower extremity veins has been used for various reasons, including: (1) exclusion of deep venous thrombosis (DVT); (2) observing of post-thrombotic changes in deep veins; (3) presentation of venous malformations; (4) preoperative imaging for saphenous venous stripping, and (5) determination if the saphenous vein is suitable to serve as a coronary bypass vessel. 6) However, this procedure is time-consuming, invasive, and necessitates the use of ionizing radiation. Complications associated with the use of iodinated contrast material were informed to occur in 2%-5% of patients. [7] [8] [9] [10] Magnetic resonance venography (MRV) has been revealed to be a quick and non-invasive examination that presents visualizations of the low extremity blood flow dynamics. In the pelvic region, this technique was shown to be even more accurate than was conventional venography. MRV has been shown to be highly sensitive for detecting pathology in a variety of blood vessels and body parts when compared with conventional angiography. [11] [12] [13] [14] The purpose of this study was to evaluate the utility of MRV for detecting DVT and to describe its associated imaging characteristics.
Materials and Methods
This retrospective study was approved by the institutional review board, and a waiver of informed consent was obtained.
Seventy-three patients underwent US at outpatient department of our institution between December 2012 and September 2013. One of them was detected DVT by US, and then the patient was excluded in this study. So, seventy-two patients (26 men and 46 women; mean age 65.2 years; age range, 37-81 years) were enrolled in our study, and underwent both ultrasonography (US) and MRV. VV with both lower extremities were in forty patients (40%). In our institution, surgical intervention for VV was short stripping of saphenous veins.
All patients with varicose veins of the lower extremities underwent both ultrasound and MRV. Each study was independently reviewed by two board-certified radiologists with experience with vascular MR imaging. The radiologists were blinded to all demographic and clinical information.
MR imaging was acquired with a 1.5-T MR imaging unit (Vantage Titan ver.2.2; Toshiba, Tochigi, Japan). Patients underwent imaging in a supine position. All images of the deep venous systems were evaluated by two-dimensional (2D) time-of-flight (TOF) -MRV ( Fig. 1) . In the imaging with the 2D TOF-MRV, the following ranges of parameters were used: 2D fast imaging with steady procession; repetition time repetition (TR), 40 msec; echo time (TE), 9 msec; flip angle, 70°; effective section thickness, 3 mm-6 mm; field of veiw (FOV), 22 × 35; and 256 × 120 matrix. MRVs were performed without intravenously administered gadolinium in all cases.
Results
The veins of lower extremities were clearly visualized in all cases. In two of 72 patients (2.6%), DVTs were diagnosed with MRV (Fig. 2) . Both patients were obese, and DVTs were not detected well by US. One patient did not undergo surgical intervention, and she was clinically followed up on conservative management using elastic stockings. However, the other patient did undergo surgical intervention because the DVT was in the contralateral limb which did not have visible varicose veins.
In three patients of all (4.2%), iliac vein thrombosis was detected with MRA ( Fig. 3) . However, numerous collateral veins were well-developed, so iliac vein occlusion was thought to be chronic lesions. Those patients were underwent surgical intervention because there were reverse flow of valves at sapheno-femoral junction.
Discussion
The presented MRV strategy provides a comprehensive display of the venous system in lower extremities. This study showed that MRV might detect DVTs which were not detected by US in the patients with VV. The incidence of DVT in the study was 2.6% and the incidence of iliac vein thrombosis 4.2%. A number of studies have reported that the incidence of firsttime DVT ranged between 38 and 95 per 100,000 per year. [15] [16] [17] [18] [19] [20] [21] The relation between VV and DVT is not well known, our study demonstrated that there were more DVTs in patients with VV compared with this data. MRV for the Assessment of Deep Vein Thrombosis that all proximal DVTs were located as follows for the distribution of DVT: in the popliteal vein only (10%); in popliteal and superficial femoral vein (42%); in popliteal, superficial femoral vein and common femoral vein (5%); in entire proximal venous system (35%); and in common femoral and superficial vein or iliac vein (8%). 23) US techniques are simple, easy, accurate and non-invasive diagnostic methods, and these devices act as a first-line imaging modality in the diagnostic examination of clinically suspected DVT of the lower extremities. These techniques are very useful, and are routinely performed in the consultation room of our outpatient department. However, in contrast to proximal DVT of the lower extremities, distal DVT has been less well detected. Regardless of US or other methods, accurate diagnosis for distal DVT is substantially lower compared with proximal DVT. The sensitivities of US were reported to be just over 70% (73%; 95% CI, 54-93). 24) In addition, the false-positive findings sometimes happen due to the different and variable distal veins.
Enhanced Computed tomography (ECT) may serve as an alternative or complementary imaging tool to US. However, compared with US, this modality is less well evaluated. In a recent mate-analysis, a pooled sensitivity for ECT venography was 96% (95% CI, 93-98), with a pooled for specificity of 95% (95% CI, 94-97). 25) Moreover, ECT venography is invasive, and involves the injection of contrast material as well. Although ECT venography is useful for diagnosis of pulmonary embolism in patients with or without symptoms or signs of thrombosis of the legs, this
In the past, contrast venography has been the reference technique for diagnosing DVT. The diagnosis of DVT is established as constant intraluminal filling defects on at least two views are observed. However, this procedure is time-consuming, invasive, and necessitates the use of ionizing radiation. Therefore, contrast venography is today seldom used. 22) Actually, conventional venography is hardly performed anymore in our institution.
In routine clinical care, US had become the first choice accepted imaging method in the diagnostic procedure of DVT for clinically suspected patients. US devices are available in most medical institutions. Using this device, the femoral and popliteal veins are directvisualized easily. Cogo and colleagues demonstrated might be depicted by MRV in a manner superior to that of conventional venography.
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method cannot be recommended as first-line imaging approaches for detecting DVT compared with US. ECT venography could be performed for the patients with morbid obesity or the patients with a suspected deep vein thrombosis in the iliac or inferior cava vein or suspected venous anomaly. 22) US cannot be performed or is less reliable for these patients.
MRV can be performed with intravenously administered gadolinium and this technique has been evaluated for its accuracy.
TOF-MRV quickly evolved as a clinically reliable method for detecting DVT. [26] [27] [28] In TOF-MRV, blood flow is used as the intrinsic contrast agent and signal is based on an in-flow effect. The signal in the vessel depends on the flow up to a threshold speed defined by the slice thickness (mm) divided by repetition time (ms). Vessels are best seen when they are orthogonal to the 2D plane, as in-plane vessels will generally have a loss of signal due to saturation effects. 29, 30) So, a vessel may show no signal in MRV. This may be indicative of several things: anatomically, the vessel may be stenosed or occluded, abnormally closed (atresia) or undeveloped (aplasia); there may be flow abnormalities such as no flow, or retrograde flow, or the slice in question may be subject to a binding or zipper artifact. 29) However, MRV is less invasive than conventional venography and ECT (avoidance for side effect of iodinated contrast material and renal damage), and less operator-dependent than US. MRV could detect DVT in middle femoral veins that might be difficult to be created by US. This technique is able to evaluate easily and globally the anatomic and morphologic features of the venous system in lower extremities.
The results of this study should be interpreted in the light of certain limitations. Firstly, ours is a retrospective study. Secondly, the present study was a singlecenter experience, and as a result was limited by the relatively small number of patients included. Despite these limitations, our study shows the usefulness of MRV for detecting DVT with VV and we are still comparing this technique and the other methods specially US.
Conclusions
MRV has a role as the definitive examination for detecting DVT. The results of this study demonstrated that the deep venous system of the lower extremities
